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ABSTRACT
We report multi-epoch VLA H I absorption observations of the source 1741−038 (OT−068)
before and during an extreme scattering event (ESE). Observations at four epochs, three during
the ESE, were obtained. We find no changes in the equivalent width, maximum optical depth, or
velocity of maximum optical depth during the ESE, but we do find a secular trend of decreasing
maximum optical depth between our observations and ones by other observers a decade prior.
The resulting limit on the H I column density change during the ESE for a structure with a
spin temperature Ts is 6.4 × 10
17 cm−2 (Ts/10K). Tiny-scale atomic structures (TSAS), with
NH ∼ 3 × 10
18 cm−2, are ruled out marginally by this limit, though geometric arguments may
allow this limit to be relaxed. Galactic halo molecular clouds, that are opaque in the H I line,
cannot be excluded from causing the ESE because the observed velocity range covers only 25%
of their allowed velocity range.
Subject headings: ISM: structure — quasars: individual (1741−038) — radio lines: ISM
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1. Introduction
Extreme scattering events (ESE) are a class
of dramatic changes in the flux density of radio
sources (Fielder et al. 1994). They are typically
marked by a decrease (& 50%) in the flux den-
sity near 1 GHz for a period of several weeks to
months, bracketed by substantial increases, viz.
Figure 1. Because of the simultaneity of the events
at different wavelengths, the time scales of the
events, and light travel time arguments, ESEs are
likely due to strong scattering by ionized struc-
tures, possibly in the Galactic interstellar medium
(ISM; Fiedler et al. 1987a; Romani, Blandford, &
Cordes 1987; Walker & Wardle 1998). First iden-
tified in the light curves of extragalactic sources,
ESEs have since been observed during a timing
program of the pulsars PSR B1937+21 (Cognard
et al. 1993; Lestrade, Rickett, & Cognard 1998)
and PSR J1643−1224 (Maitia, Lestrade, & Cog-
nard 1998).
Modelling of ESE light curves leads to inferred
densities ne & 10
2 cm−3 within these ionized
structures (Romani et al. 1987; Clegg, Fey, &
Lazio 1998). In turn, these densities imply pres-
sures nT ∼ 106 K cm−3 or more, well in ex-
cess of the “average” interstellar pressure nT ∼
3000 K cm−3 (Kulkarni & Heiles 1988).
A key issue regarding these ionized structures
is their relationship to other phases of the inter-
stellar medium. Do they represent (relatively)
isolated structures, perhaps in pressure balance
with a lower density, higher temperature “back-
ground” phase (Clegg, Chernoff, & Cordes 1988)?
or do they reflect a low level of cosmic-ray ioniza-
tion within an otherwise neutral structure (Heiles
1997)? or are they perhaps not interstellar at all,
but due to photoionized molecular clouds in the
Galactic halo (Walker & Wardle 1998)?
This paper reports the first H I absorption mea-
surements of a source (1741−038, OT−068) while
it was undergoing an ESE. From these observa-
tions we can constrain the connection between the
ionized structures responsible for ESEs and any
neutral structures. In §2 we describe the obser-
vations, in §3 we discuss the implications of our
observations, and in §4 we present our conclusions
and suggestions for future work.
2. Observations and Analysis
Figure 1 shows a portion of the 2.25 and
8.3 GHz light curve of 1741−038 as obtained
by the US Navy’s extragalactic source moni-
toring program at the Green Bank Interferom-
eter (Fiedler et al. 1987b; Lazio et al. 2000a).
Clearly evident is an approximately 50% de-
crease in the source’s flux density at 2.25 GHz
and an approximately 25% decrease at 8.3 GHz.
The minimum occurred on or near 1992 May 25
(JD 2448768.264), and the 2.25 GHz flux density
of the ESE is nearly symmetric about this epoch.
The complete GBI light curve of 1741−038, ex-
tending from 1983 to 1994, has been published
previously (Clegg et al. 1998).
We used the VLA to measure the H I absorp-
tion toward 1741−038 at four epochs. Figure 2
shows these four epochs; Table 1 summarizes the
observing logs for the four epochs. The first epoch,
1991 September 6, was prior to the onset of the
ESE and shall be used as a control. The re-
maining three epochs occurred during the ESE.
During the first epoch, full circular polarization
was recorded; only right circular polarization was
recorded for the three epochs during the ESE. At
all four epochs on-line Doppler corrections and on-
line Hanning smoothing were applied. A band-
width of 0.78 MHz was recorded in 256 channels,
producing a velocity resolution of 0.64 km s−1.
The observations on 1992 June 6 also included a
comparable amount of observing time with an ob-
serving bandwidth of 1.56 MHz in 256 channels,
producing a velocity resolution of 1.29 km s−1. We
calibrated these data following the same proce-
dures described below for the narrower bandwidth
observations. As these wider bandwidth observa-
tions were obtained at only a single epoch, we will
focus largely on the narrower bandwidth observa-
tions. We will use the wider bandwidth observa-
tions only to test for the possibility of H I absorp-
tion at large velocities.
For the three ESE epochs, observing runs con-
sisted of scans on 3C 48 and 3C 286, for flux
density calibration, and “on-line” and “off-line”
scans of 1741−038. On-line scans were centered
on an LSR velocity of 0 km s−1 and included
the H I line. Off-line scans were centered at an
LSR velocity of −360 km s−1; the scans on 3C 48
and 3C 286 were frequency-shifted by an amount
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Table 1
VLA Observing Log
VLA Synthesized Velocity On-Source Flux
Epoch Configuration Beam Polarization Bandwidth Resolution Time Density
(′′) (MHz) (km s−1) (hr) (Jy)
1991 September 6 A 2.5 R, L 0.78 0.64 0.66 2.13
1992 June 6a DnC 50 R 0.78 0.64 2.2 0.59
1992 June 6a DnC 50 R 1.56 1.29 2.2 0.59
1992 June 24 DnC 50 R 0.78 0.64 3.3 0.71
1992 July 28 D 50 R 0.78 0.64 3.5 1.92
aObservations on 1992 June 6 were obtained quasi-simultaneously with both 0.78 and 1.56 MHz bandwidths.
Fig. 1.— The extreme scattering event to-
ward 1741−038. The upper panel shows the
8.3 GHz light curve, and the lower panel shows
the 2.25 GHz light curve. Both light curves were
obtained with the Green Bank Interferometer.
Fig. 2.— The epochs of H I absorption during the
ESE of 1741−038. The dots show the 2.2 GHz flux
densities measured by the Green Bank Interfer-
ometer. The vertical lines indicate the epochs at
which H I absorption observations were acquired.
between −360 and −442 km s−1. For the 1991
September 6 epoch, there were no off-line scans
of 1741−038, the on-line scans of 1741−038 were
centered at an LSR velocity of 30 km s−1, only
3C 286 was observed for flux density calibration
purposes, and the scans of 3C 286 were frequency
shifted to −200 km s−1 and +200 km s−1.
Figure 3 shows the H I emission spectrum ob-
tained by a single VLA antenna on 1992 June 24.
The emission spectra from the other three epochs
are similar; in particular, the spectra at the other
two ESE epochs show no deviations above the
2σ level within the H I line. The shape of the
line on 1991 September 6 is identical, though the
maximum amplitude of the line differs by approx-
imately 10%. We would not expect any change
during the ESE because the large primary beam
of the VLA antennas means that they are sensi-
tive to H I emission on angular scales much larger
than any structures plausibly responsible for the
ESE itself. The emission spectra we obtain are
in generally good agreement with that found by
Dickey et al. (1983) using the NRAO 90 m tele-
scope: The peak emission occurs near 5 km s−1,
and the emission is skewed toward positive veloci-
ties. The width of the emission line from our spec-
trum and the brightness temperature of the line
are larger than that found by Dickey et al. (1983)
owing to the smaller diameter antenna in our case
(25 m vs. 90 m).
Because we are searching for changes in an ab-
sorption line with time, we discuss in detail the
steps we took to calibrate these observations. Our
primary focus will be on the three observations
with a common bandwidth and velocity resolu-
tion during the ESE. The calibration of the wider
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bandwidth observations on 1992 June 6 was iden-
tical to the procedure described below. The cali-
bration of the first epoch, 1991 September 6, was
extremely similar; we shall only point out the mi-
nor ways in which it differed from the calibration
of the other four observations.
The conventional calibration of spectral-line ob-
servations involves determining a bandpass correc-
tion. With such widely distributed emission as for
the H I line, position-switched observations of an-
other source cannot be utilized to find the band-
pass correction, and frequency switching requires
observations both above and below the H I line.
Furthermore, frequency switching can introduce
phase jumps, which would then be propagated into
the bandpass correction, and errors introduced in
the frequency switching ultimately limit the band-
pass that can be obtained (Wilcots, Brinks, & Hig-
don 1997). In this case, frequency-switched obser-
vations both above and below the H I line were
available only on 1991 September 6 and then only
for 3C 286.
More important than the shape of the bandpass
during any particular observation, however, is its
stability from one observation to the next, par-
ticularly during the ESE. In order to assess this
stability, we constructed bandpass corrections for
each of the three ESE epochs using the off-line
scans on 1741−038. For any given antenna at any
epoch, the amplitude of the bandpass correction
was within 8.4% of unity with a standard devia-
tion of approximately 5% and the maximum phase
correction was no more than 7.◦5 with a standard
deviation of approximately 5◦.
We decided ultimately to forego a bandpass
correction. As further insurance against any
bandpass-induced changes, we also excluded the
first and last 16 channels from the analysis. We
also repeated the calibration described here for
the 1992 June 6 observations, including various
bandpass calibrations determined from the off-
line scans of 1741−038. We discuss the results
in more quantitative detail below, but the lack
of a bandpass calibration produces no significant
change in the absorption spectra we measure.
Amplitude calibration was performed using
3C 48 and 3C 286. The frequency offsets be-
tween the on-line scans and the frequencies at
which 3C 48 and 3C 286 were observed contribute
to less than a 0.1% bias in the flux density cali-
bration. Far more important is the contribution
of the H I line emission to the system tempera-
ture of the on-line scans. In order to avoid a bias,
we determined the antenna gain amplitudes for
1741−038 using the off-line scans only, then ap-
plied these to both the on- and off-line scans. For
the 1991 September 6 observations, for which no
off-line scans of 1741−038 were available, we used
channels well outside the range over which the H I
emission was seen. Typical differences between
the flux densities on- and off-line were 10–15%.
As 1741−038 is itself a VLA calibrator and well
approximated by a point source over the range
of available baselines, the visibility phases were
calibrated using the off-line scans on 1741−038
itself.
The observations during the three ESE epochs
were acquired when the VLA was in its most com-
pact configurations (DnC and D). In these config-
urations the H I emission may not be entirely re-
solved out, particularly on the shortest baselines.
As a result there may be contamination of the H I
spectra from the changing sky distribution of the
H I emission moving through the VLA’s sidelobes
as the VLA tracks the source (Goss, van Gorkom,
& Shaver 1979). After amplitude and phase cali-
bration, we inspected the visibility amplitudes and
phases on the shorter baselines for evidence of H I
line contamination. We found that some shorter
baselines did show phase and/or amplitude offsets
characteristic of such contamination. As a precau-
tion we eliminated baselines shorter than 125 m
(600λ) from further analysis for all epochs.
Before imaging the data, a single iteration
of phase-only self-calibration was performed on
a single continuum channel in the on-line data.
The starting model was a point source, with the
flux density appropriate for each epoch (Table 1).
1741−038 is well approximated by a point source
for all VLA configurations, and we subtracted
the continuum in the visibility domain, utilizing
line-free channels of the on-line data to generate
a linear baseline. We imaged and cleaned each
channel of the data cube separately. We also pro-
duced a continuum image from the line-free chan-
nels of the on-line data (prior to performing the
continuum subtraction). Absorption spectra were
formed by integrating the continuum-subtracted
data cube over a region whose size was that of the
synthesized beam and which was centered on the
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position of 1741−038. These were converted to
opacity spectra using the flux density determined
by fitting a gaussian function to the continuum
image.
Figure 4 shows the resulting H I opacity spec-
tra for the four epochs. All of the spectra
show the presence of a strong absorption feature
near 5 km s−1, a slight curvature resulting from
the absence of a bandpass correction, and a typical
rms determined outside the H I line of στ ≈ 0.012.
Our absorption spectra are in good agreement
with that found by Dickey et al. (1983).
As a further assurance that our lack of a band-
pass calibration has not introduced significant un-
certainties, we repeated the above analysis using
two different bandpass corrections applied to the
1992 June 6 observations. We applied a band-
pass correction determined from the off-line scans
of 1741−038 from 1992 June 6 and from 1992
June 24. In both cases, the spectral baseline af-
ter correction is more nearly constant with veloc-
ity. The rms uncertainty in the opacity spectrum
increases slightly with the application of the 1992
June 6 bandpass correction and little, if at all, with
the application of the 1992 June 24 bandpass cor-
rection. The increase in the rms uncertainty is ap-
proximately 25% from στ ≃ 0.012 to στ ≃ 0.015.
In order to account for the uncertainties resulting
from the lack of a bandpass calibration and from
any possible changes between epochs, we shall use
the value στ = 0.015 as the value for the typical
uncertainty in the opacity spectrum at all three
epochs during the ESE.
3. Discussion
In this section we first assess the extent to which
there are any changes in the absorption spectra.
We then discuss what this implies about neutral
structures along the line of sight to 1741−038 dur-
ing the ESE.
3.1. Line Changes
We shall consider three quantities that might be
expected to change during the ESE—the equiva-
lent width of the H I line,W ≡
∫
dv τ(v); the max-
imum absorption and its velocity; and the shape
of the line. Table 2 summarizes these observable
quantities at the four epochs.
There is no gross change in the absorption line,
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Fig. 3.— The H I emission spectrum as measured
by a single VLA antenna on 1992 June 24. No
bandpass calibration has been applied. Emission
spectra from the other two epochs during the ESE
are similar at the 2σ level.
Fig. 4.— The H I opacity spectra toward
1741−038, see also Figure 2. All spectra were ob-
tained by spatially integrating the brightness dis-
tribution of 1741−038 at every frequency channel
over a region comparable to the half-power width
of the synthesized clean beam. Our angular res-
olution is such that 1741−038 is unresolved, so we
do not show the images for these epochs. Shown
in the upper left of each figure is the ±3σ un-
certainty in the optical depth, determined from a
region of the spectrum where there is no absorp-
tion. (a) The epoch 1991 September 6, before the
ESE. This observation was centered at an LSR
velocity of 30 km s−1, so the velocity range is dif-
ferent than for the other three epochs. (b) The
epoch 1992 June 6. (c) The epoch 1992 June 24.
(d) The epoch 1992 July 28.
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Table 2
Observable Quantities at Each Epoch
Epoch τmax v at τmax W max(∆τ) Epoch of max(∆τ)
(km s−1) (km s−1)
1991 September 6 0.79 5.5 6.27 · · · · · ·
1992 June 6 0.61 5.8 4.80 0.049 1992 June 24
1992 June 24 0.61 5.8 4.77 0.049 1992 June 6
1992 July 28 0.60 5.8 4.83 0.045 1992 June 6
Note.—τmax is the maximum optical depth. max(∆τ) is the maximum difference in optical depths
between two epochs. For a given epoch the maximum difference in optical depth occurs between itself and
the epoch listed in Column 6.
particularly during the ESE. The maximum op-
tical depth for the ESE epochs is τ ≃ 0.61 and
occurs at 5.8 km s−1. The equivalent width is
W ≈ 4.8 km s−1, and from Table 2 the maxi-
mum difference in W between any two epochs is
0.03 km s−1. We estimate the uncertainty inW as
σW = στ∆v where ∆v is the velocity extent of the
line, ∆v ≈ 10 km s−1. Thus, σW ≈ 0.15 km s
−1,
and we conclude that there has been no change in
the equivalent width of the line.
One notable difference between the absorption
spectra of 1991 September 6 and the ESE epochs
is the change in the maximum optical depth. The
maximum optical depth for all four of our epochs
also differs from previous observations by Dickey
et al. (1983), τmax ≈ 1, and Dickey & Ben-
son (1982), τmax ≈ 3. Dickey & Benson (1982)
observed 1741−038 using an interferometer com-
posed of the NRAO 140 ft and 300 ft telescopes
in 1980 and 1981. Dickey et al. (1983) observed
1741−038 using the phased VLA in 1982. There
is some danger in comparing observations from
different telescopes, and the large optical depth
found by Dickey & Benson (1982) has a large un-
certainty associated with it. Nonetheless, these
changes in the optical depth are indicative of a
decreasing secular trend in the H I column den-
sity by 50% or more over the decade between the
various observations.
Qualitatively, there do appear to be fine scale
changes in the line shape from epoch to epoch dur-
ing the ESE. In particular the line has two, nearly
equally deep minima on 1992 June 6, but only a
single deep minimum in the other two epochs. We
assess the significance of this difference in the line
shape quantitatively by finding the maximum dif-
ference in optical depth between two epochs at the
same velocity (Columns 4 and 5 of Table 2).
The maximum optical depth difference between
any two epochs occurs between 1992 June 6 and
June 24 and is max(∆τ) = 0.049. The maxi-
mum difference between 1992 June 6 and July 28 is
0.045. (The difference between 1992 June 24 and
July 28 is half this value, reflecting their quali-
tatively more similar shapes.) We do not regard
any of these differences as significant. The rms
uncertainty in an individual opacity spectrum is
στ = 0.015. Adding the uncertainties from two
spectra in quadrature, the combined uncertainty
is 0.021, meaning that the maximum deviation is
less than 2.3σ. We have also examined the differ-
ence spectra (i.e., the spectra formed by taking the
difference in the absorption spectra at two epochs)
for any skewness. If line features either appear
or disappear, one would expect an excess of ei-
ther positive or negative deviations about the av-
erage. Conversely, if the deviations are simply the
result of measurement uncertainty, there should
be a roughly equal number of positive and nega-
tive deviations about the average. The latter is
the case for all three difference spectra.
In addition to the line shape not changing by
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any significant amount, there is also no evidence
for the appearance of additional absorption com-
ponents at other velocities. The only significant
absorption occurs between −5 and 10 km s−1
for all four epochs. We can also compare the
absorption spectrum from our wider bandwidth
(1.56 MHz; 1992 June 6) to those of Dickey et
al. (1983) as they have a similar velocity cover-
age. Both spectra have a single deep absorption
feature, with no significant absorption outside of
it.
3.2. ESE Structures
Our limit on changes in the optical depth dur-
ing the ESE of ∆τ < 0.05 implies the neutral
column density change during the ESE must be
limited to
∆NH < 6.4× 10
18 cm−2
(
Ts
100K
)
(1)
for the structure(s) responsible for the ESE. Here
Ts is the spin temperature of the H I within the
structure, and we have assumed that the structure
responsible for this ESE is optically thin to H I
radiation. This assumption is justified by the lack
of a large change in the H I profile.
We consider Ts ≈ 200 K and Ts ∼ 10 K as pos-
sible values for Ts. The former value is motivated
from observations by Dickey & Benson (1982) who
find a typical value of Ts ∼ 200 K for 14 lines of
sight with a Galactic latitude 10◦ < |b| < 20◦
(1741−038 has b = 13◦ and is one of the 14 lines
of sight observed). The latter value is motivated
from models by Heiles (1997) and Walker & War-
dle (1998), who have both proposed a population
of cold, small-scale structures.
If Ts ≈ 200 K, then ∆NH < 1.3 × 10
19 cm−2.
This is not a stringent limit. Models of ESE lenses
require electron column densities Ne ∼ 10
16 cm−2
(Fielder et al. 1994; Clegg et al. 1998). We pre-
sume that any H I structure associated with an
ESE lens will have a size scale of order the ESE
lens, namely AU scale. If the neutral structure
is in approximate pressure balance with the ESE
lens (which itself may be overpressure with re-
spect to the ambient medium, §1), then the neu-
tral structure would have column densities NH ∼
1018 cm−2, well below this observational limit.
If Ts ∼ 10 K, then ∆NH < 6.4 × 10
17 cm−2.
This limit marginally rules out Heiles’ (1997) pro-
posed tiny-scale atomic structures (TSASs) as be-
ing responsible for the ESE. TSASs are AU-scale
structures distributed throughout the Galactic in-
terstellar medium with neutral column densities
NH ∼ 3 × 10
18 cm−2and interior temperatures
Ts ∼ 15 K. Heiles (1997) proposes TSASs in or-
der to explain observations of small (angular) scale
changes in the H I opacity, though he does not as-
sociate TSASs explicitly with ESEs.
Obviously, geometrical factors (e.g., a line of
sight that does not cut through the center of a
TSAS) could account for the discrepancy. Other
indications of an association between TSASs and
ionized structures are also not clear-cut. In favor
of an association is that Clegg et al. (1998) repro-
duced the ESE light curve of 1741−038 by assum-
ing a gaussian refracting lens passed in front of
the source; they find an electron column density
of 10−4 cm−3 pc is required to produce the light
curve, comparable to what the TSASs should have
in their interiors due to photoionization (Heiles
1997). On the other hand a comparable change in
the dispersion measure of PSR B0823+26 occurred
(Phillips & Wolszczan 1991) with no change in the
H I opacity (Frail et al. 1994). Though, after the
conclusion of the DM monitoring program, an H I
opacity change was detected.
Our limit on ∆NH appears to rule out Galactic
halo molecular clouds, the AU-scale, H I-opaque
structures that Walker & Wardle (1998) have pro-
posed to explain ESEs. The photoionized skins of
these clouds would provide the necessary refract-
ing media for ESEs. We see no indication of a
τ > 1 feature in our spectra (though Walker 2000,
private communication, has since suggested that
τ ∼ 0.1 might be more accurate). Walker &
Wardle (1998) point out that, because of multi-
ple imaging, an H I absorption line during an ESE
could saturate with a non-zero intensity, but Lazio
et al. (2000b) find no evidence of multiple imag-
ing in VLBI images of 1741−038 acquired at sim-
ilar epochs as these H I absorption measurements.
However, as halo objects, the clouds could have
velocities approaching 500 km s−1 (i.e., a veloc-
ity range of 1000 km s−1). The velocity range of
our observations, even the wide bandwidth obser-
vations of 1992 June 6, is considerably less, being
no more than 250 km s−1. Thus, a significant H I
absorption line could have been present outside of
our velocity range.
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All models considered thus far have explained
an ESE as being due to an ionized object, either
partially or totally ionized, occulting a background
source. An alternate possibility is suggested by the
decrease in the H I optical depth observed between
the 1991 September 6 observations and the epochs
during the ESE. If an ionizing source crossed the
line of sight to 1741−038 and ionized some of the
hydrogen, the result would be a decrease in the op-
tical depth of the line. The difference in equivalent
widths between 1991 September 6 and the epochs
during the ESE is 1.47 km s−1. The resulting to-
tal change in the column density, integrated over
the line is NH = 2.7× 10
19 cm−2(Ts/10K).
We assume that any such ionized region would
be comparable in extent to the angular diameter of
1741−038, about 0.5 mas (Fey, unpublished data).
At a distance of 100 pc, the total quantity of hy-
drogen that would have been ionized was 1.2 ×
1043(Ts/10K)(D/100 pc)
2 atoms. An estimate of
the ionizing rate required to maintain the ioniza-
tion for this many atoms is, following Osterbrock
(1989), at least 1038 s−1(Ts/10K)
2(D/100 pc), as-
suming that the ionized region was approximately
spherical. An A0 star would suffice as an ionizing
source.
4. Conclusions
We have determined the H I opacity spectra for
1741−038 at four epochs, including three as it un-
derwent an extreme scattering event (Figure 2).
The absorption spectra from the four epochs are
dominated by a strong absorption feature centered
on an LSR velocity of 5 km s−1. The absorption
feature itself is probably a blend of multiple com-
ponents. Our absorption spectra are quite similar
to a lower-resolution spectrum obtained by Dickey
et al. (1983).
We find a secular trend of decreasing maxi-
mum optical depth during the decade between the
observations of Dickey & Benson (1982), Dickey
et al. (1983), and those reported here. In the
early 1980s, τ & 1 toward 1741−038 while we find
τ ≃ 0.7.
We find no evidence for any change in the H I
absorption feature during the ESE. Its equivalent
width, maximum optical depth, and velocity at
the maximum optical depth are all unchanged for
the three epochs during the ESE. The maximum
optical depth change between any two epochs dur-
ing the ESE is ∆τ < 0.05 (2.3σ) which we do not
regard as significant.
The limit on the optical depth change, ∆τ <
0.05, implies a limit on the H I column density of
any neutral structure(s) associated with the ESE
lens, NH < 6.4 × 10
18 cm−2 (Ts/100K), having a
spin temperature Ts = 100 K. This limit poses
no significant constraint on structures with Ts ≈
200 K.
Some proposed colder structures are allowed.
Tiny-scale atomic structures (Heiles 1997), with
Ts ≈ 15 K and NH ∼ 3 × 10
18 cm−2, are
marginally ruled out, though geometric arguments
may allow TSASs to be responsible for ESEs and
meet this constraint on the H I column density.
Walker & Wardle (1998) propose cold, H I-opaque
molecular clouds in the Galactic halo. Any such
structures within our observed velocity range are
clearly excluded. However, the observed velocity
range covers only 25% of the allowed range, so such
a cloud could have been responsible for this ESE
without violating our observational constraints.
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